Objective: Carotid artery stenosis is a complication of neck irradiation. We describe the immediate and long-term results of surgical treatment.
1
The chronic effects of radiation therapy lead to decreased vascularity and increased fibrosis, which in turn give rise to a risk of tissue necrosis and ulceration. In addition, many stenoses involve extensive segments of the carotid artery and other supra-aortic vessels, which render surgical management more demanding.
2,3

Patients and Methods
From 1996 to 2009, data were retrospectively collected for patients who had undergone carotid revascularisation after cervical radiation therapy, in the Department of Vascular and Thoracic Surgery (Grenoble University Hospital, France). These data included demographics, medical condition and initial symptoms, surgical risk factors, preoperative factors associated with past radiation therapy, surgical details and perioperative morbidity. Preoperative examinations included Doppler ultrasound (US) scanning and contrast agent-enhanced arteriography or computed tomography (CT) for all patients; and brain CT in patients with neurological symptoms. A preoperative ear, nose and throat evaluation was conducted for all patients to assess possible impediments to tracheal intubation and vocal cord mobility.
Carotid surgery was indicated in patients with asymptomaticcarotid stenosis >80% or symptomatic lesions >60%. The severity of stenosis was computed using the method of the North American Symptomatic Carotid Endarterectomy Trial (NASCET). 4 
Operating technique
Surgery was performed with the patient under general endotracheal anaesthesia. All patients received intraoperative systemic anticoagulation therapy with heparin (50 IU kg À1 ) before vascular clamping. The carotid artery was exposed through a longitudinal neck incision anterior to the sternocleidomastoid muscle. Previous ipsilateral neck incisions were occasionally used. Stump pressure was measured and no shunt was used. In our department we only use shunting if back-up pressure is <50 mmHg. 5 Surgery included carotid interposition bypass grafting (n ¼ 26) and eversion carotid endarectomy (n ¼ 1). Flap muscle was not used for closing the wound. Since 2007, duplex US scanning has been routinely performed on completion of the operation before wound closure.
Postoperative management and follow-up examination
Patients received preoperative oral antiplatelet therapy (160 mg aspirine started at least 10 days before the surgical intervention). At discharge, oral antiplatelet therapy was routinely prescribed for life. An independent neurological examination was not normally done at this stage. Follow-up ultrasonographies were performed in our department by the angiology team at 3 and 6 months, and then annually. The surgical indication for symptomatic 6 recurrent stenosis was defined for a reduction in vessel diameter of more than 60%, and, for asymtomatic 7 restenosis, surgery was proposed when there was a reduction in vessel diameter >80%. Vessel diameter was measured on the CT scan. For the purposes of this report, the status of all survivors was updated in November 2010.
Results
Over the past 15 years, 27 primary carotid revascularisation procedures have been performed on patients who had previously undergone neck radiation therapy for cancer. Two types of cancer were involved: 19 cases of laryngeal cancer and five cases of lymphoma; the latter had been treated. The demographic characteristics, comorbid medical conditions and initial symptoms in these patients are presented in Table 1 . A mean interval of 12 years (range 1e41 years) had elapsed between radiation therapy and carotid revascularisation. Six patients (23%) had undergone radical neck dissection, three patients (11%) had a permanent tracheotomy and one patient had had cervicoplasty with the pectoral muscle flap. Nine patients (34%) had suffered one or more previous clinically significant strokes (n ¼ 4) or hemispheric transient ischaemic attacks (TIAs) (n ¼ 5), implicating the territory of the treated vessel (Table 1) .
Twenty-one patients had unilateral stenosis and three patients had bilateral stenosis. Among these 27 stenosis, the mean grade of stenosis was 80% (70e90%). In four patients (15%), the controlateral carotid artery was completely occluded. Intracranial atherosclerotic disease was not analysed in this study. All patients were operated under general anaesthesia and without shunting. Eversion carotid endarectomy (n ¼ 1) and carotid interposition bypass grafting (n ¼ 26) with 23 vein grafts and three PTFE grafts were performed. Direct closure of the surgical wound without skinplasty was always possible.
Early outcomes
No perioperative deaths or central neurological events occurred. Nor were there any cases of delayed wound healing or infection. In three patients we observed hypoglossal paralysis (11.5%) and in two patients recurrent nerve paralysis (7.7%). The diagnosis was clinical (dysphagia and dysphonia) and was confirmed by an otorhinolaryngologist. All cranial nerve injuries were spontaneously regressive and did not necessitate any specific treatment. The mean length of hospital stay was 5 days.
Late outcomes
The median clinical follow-up was 28 months (range 6e120 months).
During follow-up, 11 patients (45%) died of causes unrelated to the treatment and no patient was lost to follow-up.
Recurrent stenosis occurred in five patients (18.5%). Three patients were asymptomatic and two were symptomatic with one stroke and one TIA. The case of stroke was detected 10 weeks after surgery and was associated with a proximal anastomosic stenosis (>70%), subsequently treated by surgery (vein graft). The transient ischaemic attack was diagnosed retrospectively, 3 months postsurgery, and was also associated with a proximal bypass stenosis (>80%) corrected by redo bypass (PTFE graft).
Concerning the three cases of asymptomatic restenosis, there were two severe asymptomatic lesions (>80%) for which we performed one redo bypass for proximal anastomosis(vein graft) and on carotid stenting procedure (Herculink stent) for a distal restenosis. One patient with asymptomatic stenosis, initially estimated at 90%, was proposed for angioplasty. During the procedure we discovered an asymptomatic thrombosis.
We decided that surgical re-intervention should be performed for the proximal anastomosis restenosis, as this is more accessible for surgery. Angioplasty was reserved for the distal restenosis which we considered more difficult in redo using a surgical approach.
All the other surviving patients remained asymptomatic and without significant stenosis during the follow-up.
Thus, the incidence of stroke was 4.16% (1/24) in the first 3 months of follow-up. After this period, no further strokes were reported.
Analysis at 12 months revealed a cumulative survival rate of 91% (22 patients), a primary patency rate of 81.5% (22/27 carotides) and a cumulative secondary patency rate of 96% (Fig. 1) .
In our series, 11 patients died during follow-up (45%). Most patients (six cases) died of malignancy (two cases of recurrent of laryngeal cancer, two cases of urological cancer, one lung cancer and one skin cancer) and not from cardiovascular events. Even the 
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pulmonary embolism, which was the cause of death in one case, was associated with abnormal coagulation due to the underlying neoplasic disease. However, cardiovascular events were the second most frequent cause of death (three cases) in correlation with the incidence of observed risk factors. On patient died of respiratory insufficiency.
Discussion
Today we see an increasing number of patients with malignant diseases who benefit from radiation therapy in the cervical area. The same population presents associated atherosclerotic risk factors. A direct relation has been established between the severity of arterial lesions and the dosage and length of localised radiotherapy. 8 Nevertheless, cervical irradiation does not always lead to carotid artery stenosis. Despite extensive research, it is still unclear whether radiation induces atherosclerosis or simply accelerates its formation in susceptible patients. The risk factors for radiation-induced atherosclerosis are considered to be a history of neck irradiation associated or not with the presence of cardiovascular risk factors or other atherosclerotic sites. The fibrosis of vessel layers as well as atherosclerosis itself might be involved in development of stenosed arteries in irradiated patients. 9 We have summarised the available literature and have compared our series with the others series treated by surgery and stenting (Table 2) . Although the number of cases reported was small, but our series was of similar size to other surgical series described in the literature. Open carotid revascularisation following neck irradiation predisposes patients to higher rates of complications such as infection or delayed wound healing. 10, 14 Nevertheless, recent studies have shown that open surgery can be performed safely in selected patients who have had external neck radiation therapy.
11,15
Leseche 11 reported a series which included 27 patients and 30
carotid stenoses treated by open surgery. In that study, no perioperative cranial nerve injury, delayed wound healing or infection were documented. In our series, three patients had had permanent tracheostomy and one had undergone cervicoplasty with a pectoral muscular flap. The surgical dissection is technically demanding and could give rise to cranial nerve injuries. However, this type of complication is very rare in carotid artery stenting (CAS) procedures. Cranial nerve injury is a complication of carotid surgery, but previous reports 10 have demonstrated that the diagnosis of cranial nerve injury is more likely to be established in prospective studies, when it is revealed during postoperative testing. Saphenous bypass grafting of the diseased arterial segment is our treatment of choice. We consider the saphenous vein to be the material of choice because of its resistance to infection. Another series on the same subject appears to show less recurrent stenosis when synthetic bypass material is used (Table 2) . Synthetic material seems to withstand external compression better and is less susceptible to encroachment by scarring. 11 Five patients in our series developed recurrent stenosis after saphenous vein bypass grafting. These were all detected at the first control in the first 3 months of follow-up after discharge. Although no definitive conclusions can be drawn from our limited experience, the level of restenosis we observed is in line with that of the literature. However, the different studies are difficult to compare because they were performed on heterogenous patient populations, with different lesions and different outcome evaluation criteria.
No central neurological event was reported in immediate postoperative period. The literature reports the immediate central neurological event rate to be between 0% and 10% in surgical series and between 0% and 7.4% for stenting series (Table 2 ). On the other hand, we observed two late central neurological events (7%) associated with bypass stenosis. Other authors have reported between 4% and 22% late central neurological events. 2, 14, 16 The incidence of anatomical events such as thrombosis and restenosis (18%) was high in our study group. Other series have shown restenosis rates for carotid stenting from 0% 17e19 to 48% 13 and 9% 15 to 12% 9 for surgical series ( Table 2) . Carotid stenting is an alternative to surgery, but some authors consider that the anatomical results are not as good as those for surgical treatment. Favre and associates reported the largest retrospective series to date with 135 patients treated in several centres. 14 Carotid angioplasty and stenting are still at the investigational stage and its final role has yet to be determined. The marked amount of periadventitial fibrosis and characteristic long length of these stenoses may limit the long-term effectiveness of this procedure.
11,20
The indication of any type of revascularisation following neck radiation therapy remains controversial because of relatively poor survival of these patients, including those in our series, due to recurrent malignancy.
Conclusion
On the basis of our experience, we do not consider previous external radiation therapy to be a contraindication for open carotid surgery. Carotid artery revascularisation through a radiated field can be performed with a perioperative risk of stroke and death that is comparable with that reported in major clinical trials and other published endarterectomy series. Despite the small number of subjects of our series, we think that the perioperative risk of stroke is at least comparable with the risk encountered for angioplasty procedures.
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